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Abstract
Potential contamination bias was estimated for 8 nutrient analytes and 40 pesticides in stream water collected by the U.S. Geological Survey at 147 stream sites from across the United States, and representing a variety of hydrologic conditions and site types, for water years 2002-12. This study updates previous U.S. Geological Survey evaluations of potential contamination bias for nutrients and pesticides. Contamination is potentially introduced to water samples by exposure to airborne gases and particulates, from inadequate cleaning of sampling or analytic equipment, and from inadvertent sources during sample collection, field processing, shipment, and laboratory analysis. Potential contamination bias, based on frequency and magnitude of detections in field blanks, is used to determine whether or under what conditions environmental data might need to be qualified for the interpretation of results in the context of comparisons with background levels, drinking-water standards, aquatic-life criteria or benchmarks, or human-health benchmarks. Environmental samples for which contamination bias as determined in this report applies are those from historical U.S. Geological Survey water-quality networks or programs that were collected during the same time frame and according to the same protocols and that were analyzed in the same laboratory as field blanks described in this report.
Results from field blanks for ammonia, nitrite, nitrite plus nitrate, orthophosphate, and total phosphorus were partitioned by analytical method; results from the most commonly used analytical method for total phosphorus were further partitioned by date. Depending on the analytical method, 3.8, 9.2, or 26.9 percent of environmental samples, the last of these percentages pertaining to all results from 2007 through 2012, were potentially affected by ammonia contamination. Nitrite contamination potentially affected up to 2.6 percent of environmental samples collected between 2002 and 2006 and affected about 3.3 percent of samples collected between 2007 and 2012. The percentages of environmental samples collected between 2002 and 2011 that were potentially affected by nitrite plus nitrate contamination were 7.3 for samples analyzed with the low-level method and 0.4 for samples analyzed with the standard-level method. These percentages increased to 14.8 and 2.2 for samples collected in 2012 and analyzed using replacement low-and standard-level methods, respectively. The maximum potentially affected concentrations for nitrite and for nitrite plus nitrate were much less than their respective maximum contamination levels for drinking-water standards. Although contamination from particulate nitrogen can potentially affect up to 21.2 percent and that from total Kjeldahl nitrogen can affect up to 16.5 percent of environmental samples, there are no critical or background levels for these substances.
For total nitrogen, orthophosphate, and total phosphorus, contamination in a small percentage of environmental samples might be consequential for comparisons relative to impairment risks or background levels. At the low ends of the respective ranges of impairment risk for these nutrients, contamination in up to 5 percent of stream samples could account for at least 23 percent of measured concentrations of total nitrogen, for at least 40 or 90 percent of concentrations of orthophosphate, depending on the analytical method, and for 31 to 76 percent of concentrations of total phosphorus, depending on the time period.
Twenty-six pesticides had no detections in field blanks. Atrazine with 12 and metolachlor with 11 had the highest number of detections, mostly occurring in spring or early summer. At a 99-percent level of confidence, contamination was estimated to be no greater than the detection limit in at least 98 percent of all samples for 38 of 40 pesticides. For metolachlor and atrazine, potential contamination was no greater than 0.0053 and 0.0093 micrograms per liter in 98 percent of samples. For 11 of 14 pesticides with at least one detection, the maximum potentially affected concentration of the environmental sample was less than their respective human-health or aquatic-life benchmarks. Small percentages of environmental samples had concentrations high enough that atrazine contamination potentially could account for the entire aquaticlife benchmark for acute effects on nonvascular plants, that dieldrin contamination could account for up to 100 percent of the cancer health-based screening level, or that chlorpyrifos contamination could account for 13 or 12 percent of the concentrations in the aquatic-life benchmarks for chronic effects on invertebrates or the criterion continuous concentration for chronic effects on aquatic life.
Introduction
This report integrates quality-control 1 (QC) information from selected surface-water sites monitored by the U.S. Geological Survey (USGS) from October 1, 2001 , through September 30, 2012 (table 1 and fig. 1 ). The sampled sites operated under four different historical networks or programs during the report period. The majority of sites were incorporated into the USGS National Water Quality Network (NWQN) of the National Water Quality Program (NWQP) in 2015. The NWQP provides an understanding of water-quality conditions, whether conditions are getting better or worse over time, and how natural features and human activities affect those conditions (https://www.usgs.gov/science/mission-areas/ water/national-water-quality-program?qt-programs_l2_land-ing_page=0#qt-programs_l2_landing_page).
The historical national networks or programs represented in this report are the USGS National Water-Quality Assessment (NAWQA) Project, the USGS National Stream Quality Accounting Network (NASQAN), the National Monitoring Network (NMN), and the USGS Cooperative Water Program (CWP). Not all sites from all four networks or programs are included in the site list of this report, but those included were active during and at the end of the report period. Hereafter, the sites included in this report are referred to as "historical USGS water-quality networks" (there is overlap but not an exact match with sites in the NWQN). Sites from NAWQA, started in 1991 to generate long-term and consistent information about the Nation's surface water, groundwater, and aquatic systems, are fixed sites at small to medium sized rivers sampled on a rotational basis (http://water.usgs.gov/nawqa/). This report includes some NAWQA sites that are not part of the NWQP. NASQAN sites are large rivers across the United States that provide annual data on loads of nutrients, sediment, and other water-quality constituents for large coastal estuaries and important tributaries in the Mississippi River Basin. NMN sites consist of a small number of annually sampled large river sites operated by the USGS that are part of a water-quality network designed by the National Water Quality Monitoring Council (http://acwi.gov/monitoring/network/). Some sites listed in table 1 as belonging to the NMN were sampled by other networks prior to NMN inception in 2008. The CWP, with streamgages in every State and built-in relevance to local and State issues, supports interpretive studies that are responsive to water science needs and emerging water issues (http:// water.usgs.gov/coop/about/). Some sites, such as the Potomac River at Chain Bridge at Washington, D.C., station number 01646580, were co-located for multiple networks (table 1) for at least part of the report period. This was typically done to leverage resources from a field crew that could collect different suites of analytes for multiple networks at important sites.
In addition to purpose, other important distinctions between historical USGS water-quality networks relate to drainage-area size and sampling protocols. Sites included in this report sampled by the CWP, NASQAN, and NMN are generally large, and those sampled by NAWQA are generally small to medium (table 1) . Sampling and field processing protocols of all USGS water-quality networks follow general guidelines in the USGS "National Field Manual for the Collection of Water-Quality Data" (NFM; U.S. Geological Survey, variously dated), but before the advent of the NWQP, consistency between networks was not a USGS goal. For example, a major difference between networks during the report period that might have a bearing on the determination of contamination bias, pertaining both to nutrients and pesticides, was specification of the suite (schedule) of chemical constituents analyzed. In addition, the selection of analytical method for certain nutrient analytes differed among networks.
A protocol in the NFM that generally was followed by all USGS sampling programs was the collection and analysis of QC samples along with environmental samples. The goal of QC sampling is to identify, quantify, and document bias and variability in data that result from the collection, processing, shipping, handling, and analysis of samples. Blank samples are a type of QC sample collected along with environmental water to determine the extent to which bias might affect interpretation of the environmental data. Bias and variability affect the accuracy of environmental samples. A blank sample is intended to be free of the compounds of interest. Contamination is indicated when a compound of interest is detected in a blank sample. Blank samples are used to test for contamination that can be introduced by exposure to airborne gases and particulates, from inadequately cleaned sampling or analytic equipment, or from inadvertent sources during sample collection, field processing, shipment, and laboratory analysis. Contamination typically produces a consistently positive (systematic) bias in the analytical results that may need to be considered in subsequent analysis and interpretation of the environmental data (Martin and others, 1999) .
Field-blank water samples are a specific type of blank sample used to demonstrate that the equipment has been adequately cleaned to remove contamination introduced from a previous site or during transport of equipment, that sample collection and processing have not resulted in contamination, and that sample shipping and laboratory analysis have not introduced contamination. Field blanks are prepared and processed in the field in the same location as, but prior to, environmental water sample collection (Mueller and others, 1997) . The reasoning is that potential exposure to contamination in the field is the same for field blanks as for associated environmental samples and that the frequency and magnitude of contamination are similar for field blanks and environmental samples (Mueller and others, 2015) . Guidelines in the USGS NFM (U.S. Geological Survey, variously dated) indicate that field blanks are to be (1) collected routinely during the period of environmental sampling; (2) collected during periods when contamination is most probable, such as after field equipment has been in contact with high concentrations of contaminants of interest or during the seasons of high usage; and (3) distributed among sites to assess a broad range of locations, hydrologic conditions, and water types (U.S. Geological Survey, variously dated; Martin and others, 1999). Table 1 . List of 147 surface-water-quality sample sites in historical U.S. Geological Survey water-quality networks for which fieldblank data for water years 2002-12 are analyzed in this report. The majority of sites were consolidated into the U.S. Geological Survey National Water Quality Network (NWQN) in 2015. Site locations are shown in figure 1.
[An * in the "Network" column means that the site is part of the National Water Quality Network. 
Purpose and Scope
The purpose of this report is to describe the quality of data, based on a summary and analysis of contamination bias, for 8 nutrient analytes and 40 pesticide concentrations in stream-water samples collected at 147 sites in historical USGS water-quality networks during water years 2 2002-12 (table 1  and fig. 1 ). This report updates previous USGS evaluations of potential contamination bias of nutrients from 1992-2001 and pesticides from 1992-1995 (Mueller and Titus, 2005; Martin and others, 1999) , while expanding the list of surface-water sites and refining the constituent list for relevancy. All sites had field-blank data collected during, as well as near the end of, the study period. The range of years corresponds to cycle 2 (October 1, 2001, through September 30, 2012) of NAWQA. Sites providing the QC data represent a broad array of hydrologic conditions and watershed characteristics in the 48 contiguous States and Alaska. This report presents the nutrients and pesticides investigated and describes the methods of collecting and processing samples, analyzing samples in the laboratory, censoring results, retrieving and processing data, and determining potential contamination bias. The results of this QC analysis are compared to characteristics of the environmental data and either to background levels, drinking-water standards, or aquatic-life criteria (for nutrients), or to human-health and aquatic-life benchmarks or aquatic-life criteria (for pesticides), to assess the potential effects of contamination bias on interpretation of environmental data.
A secondary purpose is to provide an accessible dataset of concentrations of field blanks from historical USGS waterquality networks associated with surface-water samples for cycle 2 nutrients (appendix 1) and pesticides (appendix 2).
Previous Investigations
Several USGS reports on water quality describe using routine field-blank results to assess contamination in environmental data. An evaluation of contamination bias for five nutrient analytes sampled at NAWQA surface-water sites from 1992 to 2001 concluded that ammonia and, to a lesser extent, orthophosphate contamination could affect environmental results in the low range of concentrations (Mueller and Titus, 2005 ). An assessment of field-blank results for pesticides from 1992-95 indicated that although bias contamination did not need to be considered for most pesticide data collected from surface water, it should be taken into consideration in calculating detection frequencies for 7 pesticides and median concentrations for 5 pesticides (Martin and others, 1999) . Toccalino and others (2010) and DeSimone (2009) describe using findings from Mueller and Titus (2005) and Martin and others (1999) to corroborate (or exclude if affected by contamination) environmental data. Sprague and others (2007) determined that isolated, low-level contamination of total ammonia plus organic (Kjeldahl) nitrogen contamination in field blanks did not substantially affect results of stream chemistry during base flow across the United States during 2002-4. All of these studies were conducted as part of NAWQA.
Nutrients and Pesticides in Streams
Nutrients are chemical compounds of nitrogen and phosphorus that are necessary to plant and animal life in limited quantities. High concentrations of nutrients can contaminate water and lead to impairment of aesthetic and recreational quality, human or animal health, ecosystem function, and certain infrastructure performance (Dubrovsky and others, 2010) . Nutrient forms cycle between water, soil, biota, and the atmosphere via chemical and biological processes. Nutrient analytes discussed in this report are expressed as concentrations of nitrogen or phosphorus (as N or as P).
Six nitrogen analytes were investigated. The selection of distinct combinations of analytes and analytical methods by different networks is discussed in greater detail in the "Summary of Analytical Methods, Censoring, and Data From Field Blanks" section. Three analytes (ammonia, nitrite, and nitrite plus nitrate) were measured in their dissolved forms in filtered samples. Ammonia is a compound of nitrogen and hydrogen; its un-ionized form is toxic to fish. Nitrite and nitrate are compounds of nitrogen and oxygen. Nitrate is highly soluble in water, is stable over a wide range of environmental conditions, and is the primary form of dissolved nitrogen in natural water. Total Kjeldahl nitrogen (TKN, parameter code 625) , used widely by the National Water Quality Laboratory (NWQL) until 2003, analyzes for ammonia after the Kjeldahl digestion process reduces organic nitrogen species to ammonia. For unfiltered samples, TKN equals the sum of ammonia plus organic nitrogen in the dissolved and particulate phases. In 2003, the NWQL introduced a total nitrogen (parameter code 62855) method that analyzes for nitrate after oxidizing all forms of nitrogen to nitrate by alkaline persulfate digestion. The sixth nitrogen analyte, particulate nitrogen (PN, parameter code 49570), is determined from analysis of the residue on a filter and does not include any dissolved forms.
Total phosphorus includes dissolved phosphate and particulate organic phosphorus, which is often attached to sediment. Phosphates are compounds of phosphorus, oxygen, and hydrogen, including orthophosphate, which is the predominant form of dissolved phosphorus in natural water. Phosphates are moderately soluble and tend to adhere to soil particles.
Pesticides are used to control weeds, insects, or other unwanted organisms and provide benefits such as increased food production and reduction of insect-borne disease but can also raise questions about possible adverse effects on the environment (Gilliom and others, 2006) . Pesticides are released into the environment primarily through application onto agricultural lands as well as some nonagricultural lands like lawns and gardens, commercial areas, and rights-of-way. Factors that influence movement of pesticides and their degradates through the hydrologic system include intensity and distribution of use, climate and soil characteristics, and physical and chemical properties of the pesticide compounds (Gilliom and others, 2006) . Pesticides enter streams during events such as rainfall or irrigation by surface runoff; through shallow subsurface flow, through drainage ditches and subsurface tile drains; or continuously from groundwater. Compounds such as atrazine easily dissolve in and move with water. Other compounds, such as chlorpyrifos, associate and are transported with solid particles and eroded soil. Once in a stream, a pesticide may transform, be taken up by aquatic organisms, attach to suspended particles and be deposited in bed sediment, or volatilize to the atmosphere.
Data Collection and Analysis
General procedures for environmental and QC sample collection, processing, and shipping are described in the USGS NFM (U.S. Geological Survey, variously dated) and are summarized in this section. This section also describes methods of laboratory and data analysis. In addition to procedures described in this report, quality-assurance procedures used at the NWQL are documented at http://nwql.usgs.gov/Public/ quality.shtml. Independent quality monitoring of the NWQL is provided by the USGS Branch of Quality Systems (https://bqs. usgs.gov/).
Procedures for the Collection of Field Blanks and Environmental Samples
Equipment-cleaning, sampling, and processing protocols for the collection of QC and environmental samples are described in chapters A4 and A5 of the USGS NFM (U.S. Geological Survey, variously dated). In brief, equipment is cleaned in the laboratory with phosphate-free detergent and rinsed with tap water, then soaked in acid and rinsed with deionized water (for inorganic constituents) or rinsed in methanol and either air dried or rinsed with organic-grade water (for organic compounds). For organic compounds, cleaning at field sites is the same as in the laboratory; for inorganic constituents, the detergent wash is replaced with a deionized water rinse, and the acid soak is replaced with an acid rinse. Tefloncoated isokinetic samplers are used to collect surface-water samples for analysis of nutrients and pesticides; the samples are subject to flow-weighted, depth-and width-integrated collection procedures. Samples collected by following these procedures are composited, split, and then possibly filtered and preserved according to the laboratory schedule. Sample water is composited and then split into separate bottles by using a Teflon cone or churn splitter. Water samples for dissolved nutrient analyses are filtered by using a capsule filter system with pressure supplied by a peristaltic pump and are placed on ice. Pesticide samples are filtered through glass-fiber filters with a nominal 0.7-micrometer pore diameter into amber glass bottles and placed on ice. Neither nutrient nor pesticide sample bottles are treated with a preservative before shipment on ice to the NWQL in Denver, Colorado.
Field blanks 
Laboratory Analytical Methods and Schedules
The nutrient analytes presented in this report (table 2) are species of nitrogen and phosphorus that were sampled for some or all of cycle 2 at NAWQA and (or) NASQAN sites. Inconsistencies between historical USGS water-quality networks and over time in methods and schedules for nitrogen analytes are important to note. Although sample collection protocols generally followed the NFM and analyses of all samples presented in this report were at the NWQL, major differences in protocols between NAWQA and NASQAN, the two major historical USGS water-quality networks, include (1) the suite (schedule) of analytes to measure, (2) the selection of laboratory analytical method, and (3) the method of calculation of total nitrogen. Independent of program differences, methods of analysis at the NWQL have evolved during cycle 2 for some of the nutrient analytes. An additional characteristic of cycle 2 data is that along with (or independent of) analytical method changes, reporting limits, reassessed annually, have changed for some analytes.
NAWQA typically used schedule 2711 or 2120 for nutrient samples, and NASQAN typically used schedule 1010 for environmental samples and 452 and 1675 for blank samples. Use of different schedules for a given analyte does not mean that different analytical methods were used. At the beginning of cycle 2, the NWQL offered two methods 4 for all dissolved nutrients, depending on whether concentration levels were expected to be low or standard. For all dissolved analytes except nitrite plus nitrate, a single replacement method for all expected concentrations became available in 2006. By design, field blanks collected by NASQAN were analyzed by using low-level methods (CL039, CL043, CL050, CL057, and CL021; method abbreviations in green font, table 2), and those collected by NAWQA were analyzed by using standard-level methods (method abbreviations in orange font, table 2). 4 Analytical methods are presented in this report using the 5-digit internal laboratory code that is embedded in the analyte ID field in the NWQL online catalog (http://nwql.cr.usgs.gov/usgs/catalog/index.cfm). Table 2 . National Water Quality Laboratory schedules and analytical methods with censor levels for nutrient analytes in surface-water samples from historical U.S. Geological
Survey water-quality networks, water years 2002-12.
[If there are multiple detection limits, the most common one is bolded. Method abbreviations and colors correspond to those used in figures 2 and 7 (green, low-level method; orange and red, standard-level method; blue, newer method that handled low-level and standard concentrations; purple, other The determination of total nitrogen varied by network and over time. Except for the rest of this paragraph, "total nitrogen" in this report refers only to samples analyzed with alkaline-persulfate digestion (parameter code 62855) and does not include calculated results. As summarized by Rus and others (2012) , three methods used by the USGS during cycle 2 to determine total nitrogen were alkaline-persulfate digestion of whole water samples, the sum of TKN and dissolved nitrite plus nitrate, and the sum of PN and dissolved nitrogen. In 2004, NAWQA switched from measuring total nitrogen as the sum of components to using the alkaline-persulfate digestion method for whole-water samples, while continuing to analyze also for individual dissolved species. NASQAN maintained consistency over cycle 2 by measuring total nitrogen as the sum of PN and the dissolved nitrogen analytes and never switched to the alkaline-persulfate digestion method. A synoptic field study comparing precision and bias among these different methods of measuring total nitrogen resulted in some overlap of nitrogen analytes for environmental samples among networks during June 2009 and September 2010 (Rus and others, 2012) .
The 40 pesticides or pesticide degradates analyzed for this report (table 3) are the subset out of hundreds of pesticides and degradates analyzed at the NWQL that were common to at least 3 of the 4 NWQL schedules of pesticides (2001, 2003, 2010, and 2033) typically used for USGS surfacewater network sites during 2002-12. The laboratory method used to analyze pesticides in all of these schedules was gas chromatography/mass spectrometry (GCMS). Water samples analyzed by GCMS are prepared for analysis by C-18 solidphase extraction followed by capillary-column GCMS using selected-ion monitoring (Zaugg and others, 1995; Madsen and others, 2003) . Pesticide extraction is done at the NWQL for all schedules except 2010, where it is done in the field. Other than place of extraction, schedule 2010 is identical to schedule 2001. Schedule specification frequently changed over time and differed by water-quality network, but GCMS was exclusively used for all pesticide results in this report. 
Representation of Results
Because of the nature of field blanks, large percentages of nutrient and pesticide results are censored, or reported as "less than." Two features related to NWQL policies on censoring are critical for understanding data in this report. First, censor levels may change from year to year, and changeable censor levels can complicate data summaries and other statistics. Second, data qualifiers used extensively by the NWQL for censored results have specific meanings that may differ for nutrients and pesticides.
NWQL policies of how to report censored results change over time. For chemical results generated through September 30, 2010, NWQL policy was to provide censored results at the laboratory reporting level (LRL), which at typically two times the long-term method detection level (LTMDL) 5 met a policy goal to minimize the incidence of false negatives (Childress and others, 1999; Bonn, 2008) . Although the LRL is the default censor level for data reported in the National Water Information System (NWIS, the national repository of USGS water data), censored results are stored in the NWQL database for both the LRL and the LTMDL. In order to prevent bias for purposes of this report and to minimize loss of information, data originally provided as less than the LRL were recensored, or changed to less than the LTMDL. Despite increasing the risk of false-negative error by up to 50 percent, recensoring is an acceptable practice for characterizing the distribution of data as long as uncertainty in individual values can be tolerated (Bonn, 2008, p. 43, least conservative approach) . Values that have been recensored are documented in the "Recensor note" field of appendixes 1 and 2.
If applicable, the NWQL provides remarks with chemical results. Before October 1, 2010, the most commonly used remarks were "E" for estimated and "<" for less than (not detected). An "E" remark was given when concentrations were extrapolated beyond the calibration curve or to indicate a lesser likelihood of precision in the result. All quantified (not censored) values less than the LRL automatically were given an "E" remark. Uniquely for pesticides analyzed by GCMS, the "E" code also was used to indicate where pesticides were detected and conclusively identified, and where the quantified result was less than the LTMDL (Childress and others, 1999; Zaugg and others, 1995) . Nutrient results could be presented as quantified only if less than the LRL; they could not be quantified if less than the LTMDL. All quantified results, whether estimated or not (unremarked), are used in the same way for summaries and other representations in this report.
Beginning October 1, 2010, the NWQL set the LRL at the LTMDL for inorganic analytes, and use of the "E" remark code was replaced by use of more specific remark codes. An "n" remark code indicated results between the LTMDL and two times the LTMDL 6 , and "b" indicated results less than the lowest calibration standard (Donna N. Myers, U.S. Geological Survey, written commun., September 28, 2010). Also, "t" replaced the "E" remark code after October 1, 2010, for results of organic analytes (all pesticides analyzed by using GCMS) that were less than the LTMDL.
Because of annual reevaluations, many LRLs and LTMDLs changed, in some cases several times, during the 11 years covered in this report. Furthermore, the NWQL occasionally reports censored results as "raised LRLs," where the censor level is higher than the routine LRL. Raised LRLs are used by the laboratory when samples need to be diluted to bring them within the calibration range. They also can indicate matrix effects or interference problems during analysis.
Although multiple censor levels are a potential complication in summarizing or analyzing data (Helsel and Hirsch, 2002) , the key distinction for all of the data analysis in this report is between detections and nondetections. In the section "Assessment of Contamination and Implications for the Interpretation of Environmental Data," additional recensoring is not necessary because all detections (quantified values) are ranked higher than all nondetections (censored values) (Bonn, 2008, p. 43; Bender and others, 2011, fig. 7, p. 36) . This convention poses no issue for nutrients for which all quantified values are above the LTMDL. The contrived ranking 7 also is justified for pesticides because pesticide results that are censored by the NWQL can be interpreted as having concentrations of zero in almost all cases, making it appropriate to rank quantified results higher than censored results (Mark Sandstrom, U.S. Geological Survey, written commun., February 12, 2016). Recensoring to a common censor level, needed for analyzing trends (Martin and others, 2011) or for calculating certain kinds of summary results, is not appropriate here-the loss of information would be unnecessary.
To summarize how data were handled for this report, results were not recensored to change multiple LRLs to a common LRL (except where noted), but results were recensored from the LRL to the LTMDL. From this point forward in the report, "censor level" means the LTMDL and "routine censor level" means any LTMDL or LRL determined annually by the NWQL during the report period, as distinguished from a raised LRL.
Data Retrieval, Processing, and Screening
All field-blank and environmental analytical results presented in this report were retrieved from NWIS (Casey J. Lee, U.S. Geological Survey, written commun., October 24, 2014, and July 16, 2015) . Field-blank and environmental pesticide data through September 15, 2010, for many of the sites that had been reviewed and corrected for an earlier project (Martin and others, 2011) , also were integrated. Sample information and analytical results are entered into NWIS either by the NWQL or the individual USGS water science center responsible for data collection. Some water-quality network managers perform various types of preliminary data checks designed to identify and fix missing or erroneous results and codes (such as for type of water: ground or surface; or type of sample: environmental, replicate, spike, or blank). However, because not all of these data checks were done routinely from the beginning of cycle 2, all data presented here were subject to the procedures described in the following paragraphs.
Duplicate entries, erroneous entries (where data have been rejected by the NWQL or the sample collector), and extraneous entries (such as composite samples) were screened out. Results that indicated a non-NWQL laboratory were not used. The NWQL was assumed to be the analyzing laboratory in the absence of a specified laboratory in NWIS.
A result was determined to be a field blank if the NWIS coding of the record designated that the medium type was artificial (coded OAQ) and the blank-solution type was field blank (where parameter code 99102 has a value of 100) unless there was evidence that indicated the field blank was miscoded. Environmental samples were those where the medium type was regular surface water (coded as WS). Evidence to justify changes in coding for specific data records are recorded in a comment field of appendixes 1 and 2.
Potential errors in data or coding, unavoidable because of the large number of samples collected by many different individuals, were identified in several ways. Exploratory time-series plots for each constituent helped identify outliers in field-blank results. Outliers were assessed individually by examining all available data associated with the record, including comments recorded in NWIS by the NWQL or by the water science center, type of quality assurance (QA) sample, purpose of site visit, and QA results for other constituents analyzed as part of the sample. In some cases, results of this examination revealed a systematic problem for all results associated with a particular sample, such as an apparent switch of environmental and field-blank results. A data check for nutrients was whether total forms of nitrogen and phosphorus were greater than the sum of the dissolved species. If no information was gleaned from other parameters in the record, then the result was looked up in the NWQL Laboratory Information Management System (LIMS) and compared to other results over time, both environmental and blank, for the parameter for that site. Occasionally, the request-for-services form in LIMS provided some information about the type of sample that was not recorded in NWIS. If no evidence was found to justify modification or flagging of an anomalous result, then the result was kept in the dataset under the assumption that it reflected real contamination.
A second use of the exploratory time-series plots was to partition potential contamination bias in nutrients attributable to different analytical methods. The possibility that contamination bias was related to analytical method was not a concern for pesticides, which were all analyzed by GCMS. Missing information about analytical method in the original nutrient data was filled in by matching existing sample information (date and constituent) with information from an NWQL lookup table that included constituent, date range, analytical method, LTMDL, and routine LRL. For ammonia, nitrite, nitrite plus nitrate, and orthophosphate, analyses geared toward either low-or standard-level concentrations were offered in the early part of cycle 2, with the selection of analytical method determined by sampling network guidance. Newer methods developed during cycle 2 for these analytes were able to handle low-and standard-level concentrations equally well (method abbreviations in blue font, table 2), rendering separate low-level analyses unnecessary. Methods for PN, TKN, and total nitrogen did not change. Most field blanks analyzed for total phosphorus used the low-level method throughout cycle 2. Differences noted in nutrient field-blank results among analytical methods are not necessarily related to contamination.
Patterns in grouped data also were examined with the goal of identifying factors that might influence interpretation of contamination bias. Quantified results were examined for unusual patterns among type of site (agriculture, coastal, integrator, large inland, reference, or urban), first two digits of site number used as a surrogate for differences related to geography, and historical USGS water-quality network (CWP, NASQAN, NAWQA, or NMN). The two-digit site number comes from stripping the first two-digits from each USGS station number 8 for use as the grouping element (http://help. waterdata.usgs.gov/faq/sites/do-station-numbers-have-anyparticular-meaning), which designates the major river basin. For example, two-digit site number "06" is the Missouri River Basin. Ascending two-digit site numbers generally traverse the United States from east to west. Sites indicated in table 1 as coincident with NASQAN and NAWQA were assigned singly to NAWQA, unless information was available otherwise. In addition, we examined pesticide results to assess potential differences among sample-processing procedures; in particular, we examined whether there was a difference between schedule 2010, according to which extractions were done in the field, and the other schedules, according to which extractions were done in the laboratory. Unusual patterns in any of the exploratory plots described in this paragraph were evaluated and decisions for what to do were made on a case-by-case basis.
Method Used to Determine Potential Contamination Bias
The general approach for determination of contamination bias as part of quality assessment is to infer the distribution of contamination in environmental samples on the basis of the characterization of the frequency and magnitude of contamination in field-blank samples (Mueller and others, 2015) . Assumptions behind the inference are that the same sources of extraneous contamination and the same magnitude of contamination apply to both field-blank and environmental samples (Mueller and others, 2015) .
The frequency of contamination is determined by calculating the one-sided upper confidence limit (UCL) on the percentage of detections of field blanks at a specified level of confidence. In this report, the level of confidence is specified as 95 percent for nutrients and, because nearly all pesticide results are censored, 99 percent for pesticides. The UCL calculation is based on the F-statistic with two degrees of freedom (for the numerator and denominator of the fraction of detections) for the specified level of confidence (Hahn and Meeker, 1991; Mueller and others, 2015) . The approach to adjusting the detection frequency in environmental samples for the frequency of contamination in field blanks at a given confidence is to set the upper bound as the measured detection frequency in environmental samples and the lower bound as the measured frequency minus the 95-or 99-percent UCL for the percentage of detections in field blanks (Martin, 1999) .
For assessing magnitude, the approach is to determine the amount of contamination that is not likely to be exceeded in a large percentage of the water samples represented by the blanks (Mueller and Titus, 2005) . Having a large number of field-blank results enables meaningful calculations with high levels of confidence. For nutrient analytes, UCLs were constructed at a 95-percent level of confidence for the 95th and 99th percentiles of concentrations of field blanks. These UCLs are the largest amount of contamination expected, with 95-percent confidence, for the 95th and 99th percentiles of water samples. Contamination could be higher for the remaining 5 or 1 percent of samples. In other words, the 95-percent UCL for the 95th percentile of concentrations in blanks is likely to be exceeded in no more than 5 percent of all water samples. For pesticides, the UCL is calculated at a 99-percent level of confidence for the 98th percentiles of water samples. Details on calculations using order statistics and binomial probability to determine the distribution-free UCL for various percentiles can be found in Mueller and others (2015) . Plots of percentiles of concentration in relation to UCLs for detections in field blanks and the distribution of environmental samples offer a visual representation of potential contamination bias and help provide a context for interpreting environmental significance.
To establish the maximum concentration of nutrient analytes that potentially could be affected by contamination, the convention is to use 10 times the 95th percentile of field blanks based on the 95-percent UCL. The rationale is that if potential contamination is less than 10 percent of a measured value, the effect of contamination bias on that measured value has essentially no practical significance and can be ignored (Mueller and Titus, 2005) . Using the same rationale, we establish the maximum concentration of pesticides that potentially could be affected as 10 times the 98th percentile of field blanks based on the 99-percent UCL. The percentile and percent UCL are greater for pesticides than for nutrients because the high percentage of censored field-blank results enables us to make statements about potential contamination bias with high confidence.
Summary of Analytical Methods, Censoring, and Data From Field Blanks
Here we provide a descriptive summary of field-blank results and describe changes over time for some analytical methods and for some censor levels. Patterns in detections in field blanks related to type of site, two-digit site number, or sampling network that could be important in the interpretation of associated environmental data are explored.
Nutrients
The number of field blanks for nutrients collected during water years 2002-12 from the 147 surface-water sites included in this report ranged from 159 to 693 (table 4, totals bolded), which were 2 to 5 percent of environmental samples. Of the eight nutrient analytes investigated, nitrite had the lowest percentage of field-blank detections (4.3 percent), and PN had the highest percentage (22 percent). All of the dissolved species (table 4, method totals) except ammonia had detections in fewer than 10 percent of field blanks; ammonia, TKN, PN, total nitrogen, and total phosphorus had detection rates greater than 10 percent. Higher detection rates in particulate and total analytes compared to dissolved analytes might be associated with processing errors in laboratory subsampling procedures (Mueller and Titus, 2005 ). An analysis of potential contamination bias for cycle 1 data collected between water years 1992 and 2001 also found a relatively large percentage of detections of ammonia in field blanks compared to other nutrients; the source of contamination was determined to be the source solution of the blank water itself or shipping or laboratory procedures (Mueller and Titus, 2005) . Ammonia samples are susceptible to airborne contamination from the laboratory environment (Fishman, 1993) . Time-series plots of cycle 2 nutrient results distinguished by analytical method show changing censor levels over time and concentrations of field blanks relative to environmental samples ( fig. 2) . Low-level method results are shown with green symbols, and standard-level results are orange. For ammonia, nitrite, nitrite plus nitrate, and orthophosphate, color-coded symbols embed information about whether NAWQA or NASQAN collected the samples. Guidance for selection of the low-or standard-level analytical method was issued by the individual sampling network. Because hydrologists submitting NASQAN samples to the NWQL were advised to "select the appropriate schedule for your stations to avoid non-detects" based on expected concentrations (Office of Water Quality Technical Memorandum 2008.01, written commun., November 7, 2007), low-level analyses were used for NASQAN field blanks. NAWQA hydrologists were not given a choice of schedule or of low-level methods-standardlevel methods were the only option.
For ammonia, nitrite, and orthophosphate (table 2; figs. 2A, 2B, and 2G), the introduction of analytical methods that used discrete analyzer flow systems in water year 2007 eliminated the need for separate low-and standard-level methods that used automated-segmented flow systems. For the dataset described in this report, samples analyzed using discrete-analyzer methods (SHC02 for ammonia, DZ001 for nitrite, and PHM01 for orthophosphate) accounted for the largest number of field blanks for each analyte in cycle 2 (table 4) . Two analytical methods, each with a low-level adaptation, were used by the NWQL during cycle 2 to determine nitrite plus nitrate concentrations in water samples (table 2; fig. 2C ). Methods that used cadmium reduction (CL048 and CL050) were superseded in October 2011 by methods that used enzyme reduction-diazotization (RED01 and RED02), which did not require use of cadmium, a hazardous material. All 315 field-blank and 6,439 environmental sample results for PN were analyzed by using a combustion and filter retention method (COMB7), which performs the analysis on solid particles from a filter rather than on water.
Field blanks for ammonia and orthophosphate had more detections beginning in 2007, when low-and standard-level methods were replaced with a single method (table 4; fig. 2A and 2G). Although nitrite had the highest percentage of detections when the low-level method (CL043) was used, more of the detections were higher than the censor level when the single combined method (DZ001) was used than when method CL043 was used ( fig. 2B) . If all results for these analytes throughout the record were recensored to the standard-level censor limit, there would be far fewer detections throughout the period, and the difference in the number of detections before and after the method changes in 2007 would be negligible. 9 The increase in detections beginning in 2007 apparently relates to different analytical choices that led to more frequent 9 Perhaps difficult to discern from figure 2A , the number of detections in ammonia field blanks above the standard-level (CL037) censor limit of 0.02 milligram per liter is minimally different before and after the method change (6 detections before and 8 after) in 2007.
detections at low concentrations rather than to inherent differences in the field blanks or their processing. Ammonia, uniquely, might warrant extra consideration because water samples are easily contaminated by ammonia in the laboratory atmosphere (Fishman, 1993, p. 119) , and the change in method might have resulted in a change in potential ammonia contamination of all samples (blanks and environmental).
Colorimetry with Kjeldahl digestion (method KJ008) was used for all samples analyzed for TKN during cycle 2 (table 2) . Unlike the other nutrient analytes, the ratio of TKN field blanks to environmental samples was not consistent through cycle 2; it dropped from 3 percent before 2004 to 1 percent beginning in 2004 (fig. 2E ). The percentage of field blanks with TKN detections was the same, about 14 percent, for both periods, although it jumped to 19 percent for just 2003. Laboratory and field experiments have shown generally positive biases in TKN possibly as a result of the reduction of nitrate to ammonia during the digestion process (Rus and others, 2012) .
Total nitrogen (parameter code 62855) samples were analyzed by a single method, AKP01, during cycle 2 (table 2; fig. 2F ). Rus and others (2012) estimated a median negative bias of approximately 13.2 percent in the determination of total nitrogen concentrations by using AKP01 in the presence of suspended sediment, addressed issues of data continuity, and described tradeoffs for various determinations of total nitrogen.
Three analytical methods with different digestion procedures, all using automated-segmented flow colorimetry, were used to analyze for total phosphorus in surface water during the report period (table 2). The low-level method (CL021), used most often during the period, used an acid persulfate digestion process; a second method used alkaline persulfate digestion (AKP01); and a third method used Kjeldahl digestion (KJ009). Although all 78 quantified results for total phosphorus in field blanks were observed when method CL021 was used (table 4; fig. 2H ), only 5 were greater than the censor level for method AKP01 (method KJ009 had too few samples for an adequate comparison).
An additional way to consider partitioning the nutrient field blanks in the assessment of potential contamination bias is to look at changes in censor levels over time within particular analytical methods; for example, partitioning should be considered for method AKP01 for total nitrogen and method CL021 for total phosphorus. In October 2006, when the censor level doubled for the most commonly used method for total phosphorus (CL021) from 0.002 to 0.004 milligram per liter (mg/L), the number of detections above 0.004 mg/L increased more than 6 times (from 4 before to 27 after 2007; fig. 2H ). In contrast, a marginal effect on the number of detections for total nitrogen was seen (an increase from 7 to 10 detections above 0.05 mg/L) after October 2008 when the censor level increased for method AKP01. Consequently, it could be important to consider the date of the change of censor level for total phosphorus when assessing potential contamination bias for environmental samples. fig. 3) , underscores where it might be important to evaluate potential contamination bias for populations of environmental samples separated by analytical method or by date. At the least, there is a clear separation between censor levels for all standard-level methods (orange fonts in fig. 3) and their low-level (green fonts) or single-method (blue or purple fonts) analytical alternatives and for date for total phosphorus.
EXPLANATION / COLOR KEY
Concentration summaries of nutrient field blanks highlighting detections by type of site, geography, and sampling network ( fig. 4) round out the picture of nutrients in field blanks during cycle 2. For ammonia, nitrite, and orthophosphate, data in figure 4 include only field blanks after the date that marked the end of concurrent low-and standard-level analytical methods. Total phosphorus ( fig. 4H ) includes only data analyzed by method CL021 because censor levels for the infrequently used methods AKP01 and KJ009 were higher. In general, no differences in detections of nutrients in field blanks between type of site or geography stand out as notable other than that more field blanks were taken at large inland sites and for sites in the 01 zone (North Atlantic slope basins) than other types of sites or geographic areas.
There appear to be some differences in patterns of fieldblank detections between the two largest historical USGS water-quality networks, NASQAN and NAWQA (fig. 4) . The eight nutrient analytes presented in this report were on the routine NAWQA schedules, but TKN, total nitrogen, and total phosphorus were sampled infrequently by NASQAN. In a comparison of the NAWQA and NASQAN field blanks for each analyte using the nonparametric Peto-Prentice generalized Wilcoxon test for left-censored data (Helsel, 2012) , the only analyte with significantly different data (at α = 0.05) between networks was PN ( fig. 4D ; keep in mind that for a given analyte, values for the large percentage of data that is censored [not shown directly in fig. 4 , but implied as below the dotted horizontal lines] are the same for the two networks if censor levels are the same). A g r ic u lt u r e C o a s ta l In te g r a to r L a r g e in la n d R e fe r e n c e U r b a n 01 
Pesticides
Preliminary screening of field-blank results for pesticides with more than 10 quantified results by site type, geography, sampling network, and NWQL analytical schedule identified a potential bias. Of detections in field blanks, the largest percentages were found for the large inland site type, major river basin 07 (Lower Mississippi River Basin), the NASQAN sampling network, and NWQL analytical schedule 2010 ( fig. 5 ).
Samples associated with NWQL schedule 2010 had a large percentage of detections (4 of 11 metolachlor and 4 of 12 atrazine field blanks, figs. 5A and 5B), which is not unexpected because of extra challenges in keeping the processing environment clean while doing extractions in the field compared to the laboratory. However, without additional data, there is no way to verify that samples were contaminated during the processing step. Results associated with NWQL analytical schedule 2010 in appendix 2 are flagged and given a comment to indicate the probable bias.
Concentration, in micrograms per liter
A g r i c u l t u r e C o a s t a l I n t e g r a t o r L a r g e i n l a n d R e f e r e n c e U r b a n N A For the 40 pesticides summarized in this report, the number of field blanks collected during water years 2002-12 ranged from 571 for 3 of the fipronil degradates to 666 for carbaryl (table 5), corresponding to 6 percent of the number of environmental samples collected in all cases. Twenty-six pesticides had no detections in field blanks, and 4 pesticides had only 1 detection. Atrazine and metolachlor, two of the most widely used pesticides during the period, had the highest number of detections (12 and 11) in field blanks; they also had more than 50 percent detections in environmental samples. Most detections of atrazine and metolachlor in field blanks were in spring or early summer, corresponding to the time of year when these agricultural herbicides are typically applied to corn and soybean fields (Gilliom and others, 2006) . Simazine, prometon, and deethylatrazine, also with more than 50 percent detections in environmental samples, had three or fewer detections in field blanks. Dacthal, with a relatively high number (6) of detections in field blanks, had less than 10 percent detections in environmental samples. Most pesticides had 0 or 1 detection in field blanks and also a small percentage of detections in environmental samples.
As with nutrients, time-series plots of pesticides in field blanks ( fig. 6 ) were characterized by changing censor levels over the years, except for atrazine, which was censored at 0.004 microgram per liter (µg/L) throughout the study period ( fig. 6C ). Unlike nutrients, however, detections for pesticides occurred above and below censor levels; those below censor levels were automatically given an "E" remark code before October 1, 2010, and a "t" remark code after that date.
Assessment of Contamination and Implications for the Interpretation of Environmental Data
Three questions are addressed in this section: what is the potential contamination bias, which environmental samples might be affected, and how might bias affect those environmental samples? UCLs are compared to important concentrations based on human health or aquatic life. Critical concentrations for nutrients include background concentrations at undisturbed sites, aquatic-life criteria, and drinking-water standards set by the U.S. Environmental Protection Agency (EPA). For pesticides, critical concentrations are human-health benchmarks established by the EPA and USGS and aquatic-life benchmarks established by the EPA. These are, however, only a subset of criteria that might be of interest. Other concentrations could be important for reasons specific to individuals or organizations. Concentrations besides those listed in tables in this section that are important to the data user can be evaluated by using similar techniques.
Nutrients
Detection frequencies of nutrients in environmental samples are at least 42 percent (for ammonia analyzed with method CL037), although many are much higher, up to 100 percent for TKN and total nitrogen (table 4). A lower limit for expected detection frequencies in environmental samples can be established by subtracting the 95-percent UCL for percent detections seen in the respective field blanks (table 4) , which range from 3 (for orthophosphate method CL057) to 51 (for nitrite plus nitrate method RED02) from the observed detection frequencies. For example, the range of expected detection frequencies for orthophosphate in environmental samples analyzed with method PHM01 is 84 to 96. The median adjustment to nutrient analytes for detection frequency is 16 percent.
Several measures of potential contamination bias for environmental samples, including the largest potential contamination for the 95th percentile, the maximum concentration potentially affected, and the percentage of samples that might be affected, are shown in table 6, along with drinkingwater standards and concentrations critical to aquatic-life or impairment risk. Included for comparisons where available are background concentrations of nutrients from 110 stream sites across the United States with minimal or no development (Dubrovsky and others, 2010) . Criteria for nutrients related to eutrophication are not provided because the EPA's strategy (as of 2015) for nutrient enrichment in streams is for States and tribes to develop individualized numeric criteria in recognition of regional differences (U.S. Environmental Protection Agency, 2000). Recent guidance from EPA encourages States to develop joint nitrogen and phosphorus criteria because of their interconnectedness in processes affecting eutrophication (U.S. Environmental Protection Agency, 2015a).
The UCL plots for nutrients in figure 7 show that the distributions of field blanks are typically one to two orders of magnitude less than the distributions of environmental samples. Determined from the lowest percentile plotted for the 95-percent UCL for field blanks in figure 7A for each color (nondetections are used to determine percentiles but are not shown on the graphs), potential ammonia contamination is estimated, with at least 95-percent confidence, to be less than detection up to the 96th percentile for samples analyzed with method CL037, the 89th percentile for samples analyzed with method CL039, and the 72nd percentile for samples analyzed with method SHC02. Potential contamination also is estimated to exceed 0.02, 0.019, or 0.0187 mg/L in no more than 5 percent of all samples analyzed with methods CL037, CL039, or SHC02 (table 4 and repeated in table 6 ) and to exceed 0.076, 0.019, or 0.0462 mg/L (table 4) in no more than 1 percent of samples, although contamination could be higher in the remaining 5 or 1 percent of samples. About 95 percent Multiple items in these columns apply to the analyte irrespective of analytical method.
2 Value is 10 times the 95-percent upper-confidence limit for the 95th percentile of field blanks (Mueller and Titus, 2005) . 5 U.S. Environmental Protection Agency recommends an acute criterion magnitude of 17 mg TAN/L at pH 7 and 20 degrees Celsius for a 1-hour average duration, not to be exceeded more than once every 3 years on average, and a chronic criterion magnitude of 1.9 mg TAN/L at pH 7 and 20 degrees Celsius for a 30-day average duration, not to be exceeded more than once every 3 years on average (U.S. Environmental Protection Agency, 2013a). These criteria are pH and temperature dependent. Acute concentrations range from 0.27 to 51 mg TAN/L and chronic concentrations range from 0.08 to 4.9 mg TAN/L over pH values ranging from 6.5 to 9 and temperatures ranging from 0 to 30 degrees Celsius. 6 Dubrovsky and others (2010), table 4-1. of environmental samples analyzed with method CL037 have concentrations less than the maximum (less than 0.2 mg/L) that might be affected ( fig. 7A , orange dot on the environmental concentration curve; table 6); similarly, 84 or 96 percent of environmental samples analyzed with methods CL039 or SHC02 have concentrations less than the maximums that are potentially affected. Pooling these possibilities of contamination together, 3.8, 10 9.2, or 26.9 percent of all environmental samples that were analyzed with methods CL037, CL039, or SHC02, respectively, are potentially affected by ammonia contamination (table 6). The nearly 27 percent of environmental samples analyzed with method SHC02 that likely had some ammonia contamination pertains to surface-water results from 2007 through 2012.
Because the minimum aquatic-life criterion for acute effects for ammonia for all pH and temperature combinations, 0.27 mg/L (table 6), is greater than the maximum concentrations of environmental samples that are potentially affected by contamination, ammonia contamination is unlikely to affect the comparison between environmental samples and that criterion. In contrast, the range (from 0.08 to 4.9 mg/L) of aquaticlife criteria for chronic effects for combinations of high pH and high temperature includes some values less than 0.2, 0.19, or 0.187 mg/L. The combination of high pH and high temperature necessary for the lower ammonia criteria to go into effect (for example, where pH is at least 8.5 and temperature is at least 29 degrees Celsius, or where pH is at least 9.0 and temperature is at least 16 degrees Celsius) is rarely found in streams. Only about 2 percent of stream samples included in the dataset of samples analyzed for this report have those combinations of pH and temperature. Thus, under the very rare conditions found at the minimum of the range for the aquaticlife criteria for chronic effects, contamination is likely to have affected no more than 0.1, 0.2, or 0.5 percent (2 percent of 3.8, 9.2, or 26.9 percent) of environmental samples, depending on the analytical method. Although rare, contamination greater than the 95th percentile values of less than 0.02, 0.019, or 0.0187 mg/L could account for more than 23 to 25 percent of measured ammonia concentrations. Figure 7B shows that potential nitrite contamination is estimated, with at least 95-percent confidence, to be less than detection up to the 97th percentile of samples analyzed with method CL041, the 100th percentile (nothing to show in fig. 7B ) of samples analyzed with method CL043, and the 94th percentile of samples analyzed with method DZ001 (the most commonly used method for nitrite during the period). Potential contamination also is estimated to exceed 0.004, 0.0011, or 0.0011 mg/L in no more than 5 percent of all samples analyzed with methods CL041, CL043 or DZ001 (tables 4, 6) and to exceed 0.011, 0.0011, or 0.0034 mg/L 10 Using the example of samples analyzed with method CL037, the net percentage affected is the result of multiplying the percentage of environmental samples that might be affected by contamination (4 percent, calculated as 100 percent minus the 96 percent that have contamination less than detection) by the 95 percent of samples that are less than the maximum concentration (0.2 mg/L) potentially affected. The product of 0.04 times 0.95 is 3.8 percent.
in no more than 1 percent of samples analyzed by the listed methods. Contamination could be higher in the remaining 5 or 1 percent of all samples. About 87 percent of environmental samples analyzed with method CL041 have concentrations less than the maximum (less than 0.04 mg/L) that might be affected (table 6) , and 56 or 55 percent of environmental samples analyzed with methods CL043 or DZ001 have concentrations less than the maximums (less than 0.011 and 0.011 mg/L) that are potentially affected. The net result is that very few environmental samples, 2.6, 0, or 3.3 percent of those analyzed with methods CL041, CL043, or DZ001, respectively, are potentially affected by contamination. For context, potential nitrite contamination affected no more than 2.6 percent of environmental samples collected between 2002 and 2006 and affected about 3.3 percent of samples collected between 2007 and 2012. Because each maximum potentially affected nitrite concentration is far less, by at least a factor of 25, than the EPA maximum contaminant level (MCL) of 1 mg/L for nitrite (table 6), the chance is minimal that contamination affects the assessment of environmental concentrations relative to the MCL for drinking water.
Potential nitrite plus nitrate contamination for cycle 2 samples collected through 2011, with 95-percent confidence, is less than detection for 98 percent of samples analyzed with method CL048 (the most commonly used method during the period) and is less than detection for 78 percent of those analyzed with methods CL050 (fig. 7C ). For samples collected during 2012, potential nitrite plus nitrate contamination was less than detection for 93 (method RED01) or 41 (method RED02) percent of samples. Potential contamination is estimated to exceed 0.03 (or 0.038) mg/L in no more than 5 or 1 percent of samples analyzed with method CL048, to exceed 0.016 (or 0.5611) mg/L in no more than 5 or 1 percent of samples analyzed with method CL050, to exceed 0.0449 mg/L in no more than 5 or 1 percent of samples analyzed with method RED01, and to exceed 0.0158 mg/L in no more than 5 or 1 percent of samples analyzed with method RED02 (tables 4, 6). About 20 percent of environmental samples analyzed with method CL048 (off the x-axis scale in fig. 7C ) have concentrations less than the maximum (less than 0.3 mg/L, table 6) that might be affected by contamination; 33, 32, and 36 percent of samples analyzed with methods CL050, RED01, and RED02 have concentrations less than the maximums (0.16, 0.449, 0.16 mg/L) potentially affected. About 0.4 and 7.3 percent of environmental samples collected from 2002 through 2011 and analyzed with methods CL048 and CL050, respectively, are potentially affected by contamination, as are 2.2 and 14.8 percent of samples analyzed with methods RED01 and RED02 during 2012.
Because the maximum potentially affected concentrations for nitrite plus nitrate regardless of analytical method are much less than the MCL of 10 mg/L, there is minimal likelihood that contamination would interfere with interpretations relative to MCLs for drinking water. Contamination of environmental samples analyzed by all methods except RED01 might affect concentrations near background levels of nitrite plus nitrate in surface water (0.24 mg/L); however, this possibility of contamination only pertains to at most 0.4, 7.3, or 14.8 percent of environmental samples. Figure 7D shows that potential contamination from PN is estimated, with at least 95-percent confidence, to be less than detection up to the 77th percentile of all samples. Potential contamination also is estimated to exceed 0.07 mg/L in no more than 5 percent of all samples (tables 4, 6) and to exceed 0.132 mg/L in no more than 1 percent of samples, although it could be higher in the remaining 5 or 1 percent of samples. About 92 percent of environmental samples have concentrations less than the maximum (0.7 mg/L) that might be affected (table 6; fig. 7D ). Although contamination potentially affects 21.2 percent of environmental samples analyzed for PN, the absence of drinking-water standards and aquatic-life criteria for this substance can allay concerns about contamination interfering with sample interpretation.
With 95-percent confidence, potential contamination from TKN is estimated to be less than detection for 81 percent of all samples ( fig. 7E) , to exceed 0.12 mg/L in no more than 5 percent of samples (tables 4, 6), and to exceed 0.29 mg/L in no more than 1 percent of samples. About 87 percent of environmental samples have concentrations less than the maximum concentration (1.2 mg/L, table 6) that might be affected. Contamination from TKN thus potentially affects 16.5 percent of environmental samples; however, as with PN, there are no drinking-water standards or aquatic-life criteria for TKN that might need to be considered for the interpretation of sample results.
Potential contamination from total nitrogen is estimated to be less than detection for 94 percent of environmental samples ( fig. 7F) , to exceed 0.064 mg/L in no more than 5 percent of samples (tables 4, 6), and to exceed 0.441 mg/L in no more than 1 percent of samples. Contamination could be higher than these concentrations in the remaining 5 or 1 percent of samples. Approximately 18 percent of environmental samples (off the scale in fig. 7F ) have concentrations less than the maximum concentration (0.64 mg/L, table 6) that might be affected. As a whole, contamination from total nitrogen potentially affects 1.1 percent (6 percent of 18 percent) of all environmental samples. Qualification of environmental results for this small percentage potentially affected by contamination is needed because the concentration of 0.64 mg/L falls within the range of concentrations for impairment risk and is greater than background levels for total nitrogen (table 6) .
Potential contamination from orthophosphate is estimated, with 95-percent confidence, to be less than detection up to the 98th percentile of all samples analyzed with method CL053, the 100th percentile for samples analyzed with method CL057, and the 96th percentile for samples analyzed with method PHM01 (fig. 7G ). For samples analyzed with methods CL053, CL057, and PHM01, potential contamination is estimated to exceed the respective censor levels in no more than 5 percent of all samples (tables 4, 6) and to exceed 0.009, less than 0.004, or 0.0173 mg/L in no more than 1 percent of samples, although it might be higher in the remaining 5 or 1 percent of samples. About 75 percent of environmental samples analyzed with method CL053 have concentrations less than the maximum (less than 0.09 mg/L) that might be affected (table 6) , and 58 or 50 percent of environmental samples analyzed with methods CL057 or PHM01 have concentrations less than the maximums (less than 0.04 mg/L for each) that are potentially affected. Small percentages of environmental samples, 1.5, 0, or 2.0 percent of those analyzed with methods CL053, CL057, or PHM01 respectively, are potentially affected by contamination. Even so, environmental samples need to be qualified before they are compared with impairment risks or background levels because concentrations that could be contaminated are higher than numeric criteria for orthophosphate.
Potential contamination from total phosphorus, for samples analyzed with method CL021 (fig. 7H) , is estimated to be less than detection for 76 percent of samples in the first part of the period (before October 1, 2006), less than detection for 85 percent of samples in the last part of the period (after September 30, 2006) , and less than detection for 100 percent of samples analyzed with method AKP01. Potential contamination also is expected to exceed 0.0031 and 0.0076 mg/L for samples analyzed with method CL021 and in the first and last parts of the period, respectively, in no more than 5 percent of all samples (tables 4, 6) and to exceed 0.0203 and 0.0767 mg/L in no more than 1 percent of samples. Concentrations, however, might be higher in the remaining 5 or 1 percent of samples. For samples analyzed with method CL021, about 23 percent of environmental samples in the first part of the period have concentrations less than the maximum (0.031 mg/L) potentially affected by contamination (table 6) , and 42 percent in the last part of the period have concentrations less than the maximum (0.076 mg/L). The net result is that 5.5 or 6.3 percent of environmental samples from the first and last parts of the period, respectively, and analyzed with method CL021, are potentially affected by contamination. Because the maximum potentially affected concentrations are within the range of impairment risk for total phosphorus and are near or above the background level, environmental samples analyzed with method CL021 should be qualified to address this potential for contamination bias.
Although potential contamination for most of the nutrients that were analyzed could affect only a small percentage of environmental samples, for those with concentrations within or near the range of critical or background values, the amount of contamination could be substantial. Nutrients in this category with potentially large amounts of contamination for a small percentage of samples near critical values are ammonia, nitrite plus nitrate methods (all methods except RED01), total nitrogen, orthophosphate, and total phosphorus. For example, at concentrations at the low end of impairment risk for total nitrogen, contamination greater than the 95th percentile value of 0.064 mg/L could account for more than 23 percent (0.064 divided by 0.275 mg/L) of the measured ammonia concentration that would indicate impairment. At the low end of the range of impairment risk for orthophosphate (0.01 mg/L), contamination greater than the 95th percentile value of less than 0.009 or less than 0.004 mg/L, depending on the analytical method, could account for at least 90 percent or 40 percent of measured concentrations. Similarly, at the low end of the range of impairment risk for total phosphorus (0.01 mg/L), contamination greater than the 95th percentile values of 0.0031 or 0.0076 mg/L could account for at least 31 or 76 percent, depending on the time period, of the concentrations that would indicate impairment.
Pesticides
Fourteen out of the 40 pesticides had at least 1 field-blank detection; metolachlor and atrazine had the highest frequency of detections with 1.7 and 1.8 percent, respectively (table 5) . With 99-percent confidence, the percentage of detections for pesticide field blanks ranged from 0.7 to 3.4. The 99-percent UCL for percent detections in field blanks creates the lower bound for the detection frequency in environmental samples. For example, the detection frequency of metolachlor, adjusted for the frequency of contamination, is between 72 (75 minus 3.2, rounded) and 75 percent, and that for atrazine is between 82 and 85 percent.
Minimal detection frequencies for all pesticides translate into high confidence that potential contamination bias is low. For the 38 pesticides with the fewest number of detections in field blanks, potential contamination is estimated, with 99-percent confidence, to be no greater than the detection limit in at least 98 percent of all samples (table 5) . For metolachlor and atrazine, potential contamination is estimated, with 99-percent confidence, to be no greater than 0.0053 and 0.0093 µg/L in 98 percent of all samples and to be no greater than the detection limit in 97 percent of all samples.
Plots of the 99-percent UCL concentrations of field blanks ( fig. 8) for the three pesticides with at least six detections plus selected others with several detections show that only 0.5 to 3 percent of environmental samples might be affected by contamination, as represented by the percentile extent of the red lines (absence of red lines indicate little likelihood of contamination of samples). In contrast to nutrients, potential contamination for pesticides is not limited to values in field blanks above the censor level. All quantified pesticide field blanks, whether above or below the censor level, are considered to reflect some contamination (as stated earlier, a pesticide result with zero contamination is presented by the NWQL as censored).
Human-health benchmarks (HHBs) consisting of EPA benchmarks and USGS health-based screening levels (Toccalino and others, 2014) and EPA aquatic-life benchmarks (U.S. Environmental Protection Agency, 2015b) provide a context for discussing conditions under which environmental data might need to be qualified because of potential contamination bias (table 7) . Out of the 14 pesticides whose field blanks had at least 1 detection, 11-simazine, prometon, deethylatrazine, metolachlor, diazinon, alachlor, acetochlor, trifluralin, EPTC, Dacthal, and cis-Permethrin-need no qualification because there is 99-percent confidence that the maximum potentially affected concentrations (table 7) of the respective environmental samples are less or far less than their respective HHB or aquatic-life benchmarks.
Because low concentrations of chlorpyrifos, atrazine, and dieldrin seen in environmental samples are within the range of some human-health or aquatic-life benchmarks (table 7) , results for these pesticides need to be qualified in the context of comparing them with benchmarks. Although only a small percentage of environmental samples are potentially affected, estimates of contamination have high confidence. For chlorpyrifos, the EPA aquatic-life benchmark for chronic effects on invertebrates and the aquatic-life criterion continuous concentration for chronic effects on aquatic life, 0.04 and 0.041 µg/L (U.S. Environmental Protection Agency, 2015b; 2016d), respectively, are less than the maximum potentially affected concentration for chlorpyrifos of less than 0.05 µg/L (table 7) . Contamination of chlorpyrifos is estimated, with 99-percent confidence, to be less than detection in at least 99.5 percent of all samples, and to exceed 0.005 µg/L in no more than 0.5 percent of all samples (absence of red line, fig. 8A ). About 99.4 percent of reported concentrations in environmental samples ( fig. 8A , orange dot on the environmental concentration curve) were less than the maximum potentially affected concentration of 0.05 µg/L. Thus, contamination is likely to have affected no more than 0.5 percent of environmental samples, and only the 99.4 percent of those with concentrations less than 0.05 µg/L, for a net potential effect on 0.5 percent of samples. For that small percentage potentially affected, contamination of chlorpyrifos could account for up to 13 or 12 percent of the concentrations in the chronic benchmark for invertebrates or the criterion continuous concentration for chronic effects on aquatic life, respectively.
The EPA aquatic-life benchmark for acute effects on nonvascular plants for atrazine is less than 1 µg/L. Contamination of atrazine is estimated, with 99-percent confidence, to exceed 0.0093 µg/L in no more than 2 percent of all samples (table 5) and is less than detection (0.004 µg/L) in at least 97 percent of all samples (absence of red line, fig. 8D ). About 67 percent of reported concentrations in environmental samples ( fig. 8D , orange dot on the environmental concentration curve) were less than the maximum potentially affected concentration of 0.093 µg/L (table 7) . Contamination is likely to have affected no more than 3 percent of the environmental samples (100 minus the 97 percent of field blanks that are not contaminated), and only the 67 percent of those with concentrations less than 0.093 µg/L, for a net potential effect on no more than 2 percent of all samples. Therefore, contamination of atrazine could potentially account for the entire EPA aquatic-life benchmark for acute effects on nonvascular plants in no more than 2 percent of the samples. Because all HHBs and other aquatic-life benchmarks for atrazine are much higher than the potential contamination, comparisons of environmental sample results to any other benchmark need no qualification.
The USGS cancer health-based screening level of 0.002-0.2 µg/L for dieldrin (table 7) is a non-enforceable ) to one-in-ten thousand (10 -4 ) risk of cancer.
6 Benchmark = Toxicity value × level of concern. For acute fish, toxicity value is usually the lowest 96-hour 50-percent lethal concentration in a standardized test (usually with rainbow trout, fathead minnow, or bluegill), and the level of concern is 0.5.
7 Benchmark = Toxicity value × level of concern. For chronic fish, toxicity value is usually the lowest no-observedadverse effects concentration from a life-cycle or early life stage test (usually with rainbow trout or fathead minnow), and the level of concern is 1.
8 Benchmark = Toxicity value × level of concern. For acute invertebrate, toxicity value is usually the lowest 48-or 96-hour 50-percent effect concentration or 50-percent lethal concentration in a standardized test (usually with midge, scud, or daphnids), and the level of concern is 0.5.
9 Benchmark = Toxicity value × level of concern. For chronic invertebrates, toxicity value is usually the lowest no-observed-adverse-effects concentration from a life-cycle test with invertebrates (usually with midge, scud, or daphnids), and the level of concern is 1.
10 Benchmark = Toxicity value × level of concern. For acute nonvascular plants, toxicity value is usually a shortterm (less than 10 days) 50-percent effect concentration (usually with green algae or diatoms), and the level of concern is 1.
11 Benchmark = Toxicity value × level of concern. For acute vascular plants, toxicity value is usually a short-term (less than 10 days) 50-percent effect concentration (usually with duckweed) and the level of concern is 1. benchmark protective of cancer effects and represents a onein-one million to one-in-ten thousand cancer risk (Toccalino and others, 2014) . In a calculation similar to that for atrazine, contamination of dieldrin is estimated, with 99-percent confidence, to be less than detection in at least 99 percent of all samples (absence of red line, fig. 8B ). About 99.5 percent of reported concentrations in environmental samples ( fig. 8B , orange dot on the environmental concentration curve) were less than the maximum potentially affected concentration of 0.04 µg/L. Contamination is likely to have affected no more than 1 percent of environmental samples, the 99.5 percent of those with concentrations less than 0.04 µg/L, for a net potential effect on 1 percent of all samples. When comparing dieldrin in environmental samples to the cancer health-based screening level, it is important to understand that contamination greater than the 99th percentile value of up to 0.004 µg/L could account for 2 to 100 percent of the concentrations within that benchmark range.
Summary
Potential contamination bias was estimated for 8 nutrient analytes and 40 pesticides in stream water collected at 147 sites in historical U.S. Geological Survey water-quality networks across the United States, representing a variety of hydrologic conditions and site types, for water years 2002-12. The majority of these sites are coincident with the current (2016) National Water Quality Network. Contamination is potentially introduced to water samples by exposure to airborne gases and particulates, from inadequate cleaning of sampling or analytic equipment, and from inadvertent sources during sample collection, field processing, shipment, and laboratory analysis. Potential contamination bias based on detections in field blanks is used to determine whether or under what conditions environmental data might need to be qualified for the interpretation of results in the context of comparisons with background levels, drinking-water standards, aquatic-life criteria or benchmarks, or human-health benchmarks. Environmental samples for which contamination bias as determined in this report applies are those from the aforementioned networks that were collected during the same time frame, according to the same protocols, and that were analyzed in the same laboratory as field blanks described in this report.
The finalized dataset of concentrations of nutrients and pesticides in field blanks associated with these surface-water samples has been screened for anomalous individual values, as well as patterns related to type of site, geography, sampling network, and, for pesticides only, by laboratory analytical schedule. Censored field-blank results presented in the report are recensored from the default laboratory reporting level to the long-term method detection level, the latter generally being half of the former.
Detection rates in field blanks for nutrients ranged from 4.3 percent for nitrite to 22 percent for particulate nitrogen.
Except for ammonia, dissolved species had the lowest percentage of detections, and totals had the highest. Consolidation of separate low-and standard-level methods of analysis for ammonia, nitrite, and orthophosphate into a single method in the second part of the report period resulted in increased detection rates that apparently related more to different analytical method choices than to differences over time in field-blank detections.
For samples analyzed with analytical method SHC02, which was used for all ammonia samples in the dataset of this report beginning in 2007, contamination potentially affecting 26.9 percent of environmental samples is estimated to exceed 0.0187 milligram per liter (mg/L) in no more than 5 percent and to exceed 0.0462 mg/L in no more than 1 percent of samples. Contamination could be higher than those values in the remaining 5 or 1 percent of all samples. About 2 percent of stream samples have the necessary combinations of high pH and high temperature to meet conditions within the range of the aquatic-life criteria for chronic effects for ammonia. Under the rare conditions found at the minimum of the range for chronic effects, contamination is likely to have affected no more than 0.5 percent of environmental samples analyzed with method SHC02 (or 0.1 or 0.2 percent of environmental samples analyzed with other methods); for that small set of samples, contamination could account for more than 23 to 25 percent of measured ammonia concentrations.
For nitrite, potential contamination is estimated to exceed 0.0011 mg/L in no more than 5 percent of environmental samples and to exceed 0.0034 mg/L in no more than 1 percent of samples analyzed with the most common method in use during the period (DZ001). Up to 3.3 percent of environmental samples analyzed by method DZ001, and between 0 and 2.6 percent of samples that used methods from the first part of the period, are potentially affected by nitrite contamination. For samples analyzed by the most commonly used method for nitrite plus nitrate (CL048), potential contamination is estimated to exceed 0.03 mg/L in no more than 5 percent of samples and to exceed 0.038 mg/L in no more than 1 percent of samples.
Although contamination potentially affects 21.2 percent of environmental samples analyzed for particulate nitrogen and 16.5 percent for total Kjeldahl nitrogen, the absence of drinking-water standards and aquatic-life criteria for these substances can allay concerns about contamination interfering with sample interpretation. Contamination from total nitrogen expected to exceed 0.064 mg/L in no more than 5 percent of samples and to exceed 0.441 mg/L in no more than 1 percent of samples potentially affects 1.1 percent of environmental samples.
Potential contamination from orthophosphate is estimated to exceed the respective censor levels for samples analyzed with three different methods in no more than 5 percent of all samples. For total phosphorus, potential contamination is expected to exceed 0.0031 and 0.0076 mg/L, for samples analyzed with the most commonly used method CL021 and in the first and last parts of the period, respectively, in no more than 5 percent of all samples. Potential contamination is estimated to affect from 0 to 2 percent of environmental samples analyzed for orthophosphate and up to 5.5 or 6.3 percent of environmental samples analyzed for total phosphorus with method CL021 from the first and last parts of the period.
When comparing environmental samples to impairment risks for total nitrogen, orthophosphate, and total phosphorus, results should be qualified because contamination could account for a substantial fraction of the concentrations within the ranges of impairment risk, although only a small percentage of samples are likely to be affected by contamination. At the low end of the ranges for respective impairment risks, contamination greater than the 95th percentile values could account for more than 23 percent (for total nitrogen), more than 40 or 90 percent (depending on the analytical method, for orthophosphate), or 31 or 76 percent (depending on the time period, for total phosphorus) of the concentrations that would indicate impairment. Similarly, for the nutrient analytes (ammonia, nitrite plus nitrate, total nitrogen, orthophosphate, and total phosphorus) with background concentrations discussed in the report, maximum concentrations potentially affected by contamination, for most analytical methods, are near or exceed the background concentrations. Conversely, maximum concentrations that might be affected by contamination do not exceed drinking-water standards for nitrite or for nitrite plus nitrate; thus these analytes require no qualification for comparisons with drinking-water standards.
Pesticide samples analyzed with NWQL schedule 2010, where extractions were done in the field rather than the laboratory, appear to show some contamination bias. Twenty-six pesticides had no detections in field blanks, and 4 pesticides had only 1 detection. Atrazine and metolachlor had the highest number of detections, 12 and 11, respectively. Estimates of detection frequencies of environmental samples adjusted for the 99-percent upper confidence limits for detection frequency in field blanks determined, for example, that metolachlor detections ranged from 72 to 75 percent and atrazine detections ranged from 82 to 85 percent.
The magnitude of contamination is estimated, with 99-percent confidence, to be no greater than the detection limit in at least 98 percent of environmental samples for 38 of the 40 pesticides covered in this report. For metolachlor and atrazine, potential contamination is no greater than 0.0053 and 0.0093 micrograms per liter in 98 percent of samples and is less than detection in 97 percent of environmental samples.
For 11 of 14 pesticides with at least 1 detection (simazine, prometon, deethylatrazine, metolachlor, diazinon, alachlor, acetochlor, trifluralin, EPTC, Dacthal, and cisPermethrin), there is 99-percent confidence that the maximum potentially affected concentration of environmental samples is less than their respective human-health or aquatic-life benchmark. Chlorpyrifos, dieldrin, and atrazine are the only pesticides with sufficient potential contamination to consider for the interpretation of results relative to human-health or aquatic-life benchmarks. Contamination from these three pesticides might affect no more than 0.5 percent of chlorpyrifos samples, 1 percent of dieldrin samples, or 2 percent of atrazine samples. Small percentages of environmental samples have concentrations high enough that chlorpyrifos contamination could account for 13 or 12 percent of the concentrations in the aquatic-life benchmarks for chronic effects on invertebrates or the criterion continuous concentration for chronic effects on aquatic life, respectively; that dieldrin contamination could account for up to 100 percent of the cancer health-based screening level for dieldrin; or that atrazine contamination potentially could account for the entire aquatic-life benchmark for acute effects on nonvascular plants.
Glossary of Data-Quality Terms
Accuracy The degree of agreement between a measured value and the true or expected value. Accuracy is affected by both bias and variability.
Bias The systematic error inherent in a method; it can be either positive or negative.
Blank sample A sample prepared from water that is free of the analyte(s) of interest for determining contamination.
Contamination bias A positive bias due to the inadvertent introduction of analytes into water samples during sample collection, processing, shipment, or analysis.
Field blank A blank sample that has been exposed in the field to all sampling equipment and conditions that normally are associated with the collection of an environmental sample.
Quality assessment
The overall process of assessing the quality of environmental data by reviewing the application of the qualityassurance elements and the analysis of the quality-control data.
Quality assurance (QA) Procedures used to control the nonquantifiable components of a project, such as sampling at the correct location with the proper equipment and using the appropriate methods.
Quality control (QC) Data generated to estimate the magnitude of the bias and variability in the process of obtaining environmental data.
Precision
The degree of mutual agreement among independent measurements from the repeated application of a measurement process under identical conditions. Precision is the inverse of variability.
Variability Random error in independent measurements as the result of repeated application of the measurement process under identical conditions.
